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Abstract of JP9158710 
PROBLEM TO BE SOLVED: To increase the 
contact area of exhaust gas with a coating 
layer so as to improve reactivity to an oxidation 
catalyst and thereby to improve purifying 
performance by providing a stmcture body with 
coating material adhering to the surface and 
the inside of pores of a cell side wall of a 
honeycomb type filter. SOLUTION: In a porous 
ceramic filter of honeycomb structure, both 
ends of monolithic honeycomb are alternately 
plugged with plugging material 1 . Activated 
alumina coating layers 3 are formed on the 
surface 21 of a cell side wall 2 of a honeycomb 
type filter and the pare surface 22 of the cell 
side wall 2. Diesel exhaust gas containing 
particulates enters into a cell from the ceil inlet 
side 4, passes through the cell side wall 2 and 
goes out from the cell outlet side 5. At this 
time, the particulates are collected by surface 
and internal pares of the cell side wall 2. The 
filter thus coated can be suitably used as a 
diesel particulate filter with a low pressure 
loss. 
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(54) DIESEL EXHAUST GAS PURIFYING HLTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase the contact 
area of exhaust gas with a coating layer so as to 
improve reactivity to an oxidation catalyst and thereby 
to improve purifying performance by providing a 
structure body with coating material adhering to the 
surface and the inside of pores of a cell side wall of a 
honeycomb type filter. 

SOLUTION: In a porous ceramic filter of honeycomb 
structure, both ends of monolithic honeycomb are 
alternately plugged with plugging material 1 . Activated 
alumina coating layers 3 are formed on the surface 21 of 
a cell side wall 2 of a honeycomb type filter and the pare 
surface 22 of the cell side wall 2. Diesel exhaust gas 
containing particulates enters into a cell from the cell 
inlet side 4, passes through the cell side wall 2 and goes 
out from the cell outlet side 5. At this time, the 
particulates are collected by surface and internal pares 
of the cell side wall 2. The filter thus coated can be 
suitably used as a diesel particulate filter with a low 
pressure loss. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2>*^ shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]One end of a cell opening of a porosity ceramic honeycomb structured body which has 
an open cell every other piece A cell opening which ****** is not made at this end 

an end of an opposite hand A **** suggestion **** cage, It is a honeycomb type filter which 
passes fine pores in a cell wall and with which gas circulates, A diesel emission-gas-purification 
filter which passes fine pores in a cell wall which has the structure to which coating material 
which contains high specific surface area material particles in an inside of the surface of a cell 
side wall and fine pores of a cell side wall has adhered and with which gas circulates. 
[Claim 2]The filter according to claim 1 whose average pore size porosity of a cell wall of a filter 
after supporting said high specific surface area material is 5-35 micrometers at 40 to 65%. 
[Claim 3]The diesel emission-gas-purification filter according to claim 1 or 2 in which said high 
specific surface area material is activated alumina. 

[Claim 4]A filter given in any 1 paragraph of claims 1 -3 with which catalyst metal which consists 
of at least one sort of platinum group metals is supported. 

[Claim 5]A manufacturing method of a diesel emission-gas-purification filter which passes fine 
pores in a cell wall characterized by comprising the following and with which gas circulates. 
A porosity ceramic honeycomb structured body which has an open cell is coated with coating 
slurry containing high specific surface area material particles and inflammable destruction-by- 
fire material particles, Under the present circumstances, a thing which mean particle diameter of 
said high specific surface area material particles and infiammable destruction-by-fire material 
particles is a size smaller than an average pore size of said honeycomb structured body, and is 
calcinated after that. 

An opening which ****** one end of a cell opening of said honeycomb structured body every 
other piece, and is not ******(ing) at this end ****** an end of an opposite hand. 

[Claim 6]Said inflammable destruction-by-fire material particles are carbon, and said coating 
slurry is a manufacturing method of claim 5 of said high specific surface area material particles 
which contains said 5wt% of carbon particle at least. 

[Claim 7]A manufacturing method of a filter which passes fine pores in a cell wall characterized 
by comprising the following and with which gas circulates. 

It coats with a slurry which coats with a slurry which contains infiammable destruction-by-fire 
material particles for said honeycomb structured body beforehand, and does not include high 
specific surface area material, makes it dry, contains high specific surface area material particles 
after that, and does not contain an inflammable destruction-by-fire substance, and calcinates. 
An opening which ****** one end of a cell opening of said honeycomb structured body every 
other piece, and is not ******(ing) at this end ****** an end of an opposite hand. 

[Claim 8]The manufacturing method according to claim 7 whose percentage that inflammable 
destruction-by-fire material particles in a slurry which contains said inflammable destruction- 
by-fire material particles, and does not contain high specific surface area material particles 
occupy is 5 - 50wt%. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention removes a particulate at least among the substances 
contained in the gas discharged from internal-combustion engines, such as a diesel power plant, 
and relates to the filter for PATI cue rate catching used in order to purily exhaust gas. 
[0002] 

[Description of the Prior Art]The substance harmful to a human body is contained in the 
particulate discharged from internal-combustion engines, such as a diesel power plant. 
It has been an environmental technical problem to remove this. 

For this reason, in the former, after catching a particulate and catching a fixed quantity with the 
filter formed In the exhaust system of the diesel power plant, the method of carrying out 
combustion removing of the particulate by electric heater, a burner, etc. is performed. There is 
also a method of lowering particulate combustion temperature with the platinum metal catalyst 
supported in the filter, and burning the caught particulate continuously. In the case of the 
method of carrying out combustion removing of the particulate which the former caught by 
electric heater, a burner, etc. Although the filter maximum temperature at the time of 
combustion rises, a filter may be damaged with the heat stress concerning a filter and particulate 
collection volume control is so important that there is much particulate collection volume, it has 
not come to control collection volume thoroughly. Since the heat stress which in combustion by 
the latter catalyst combustion temperature becomes comparatively low and is applied to a filter 
becomes small, a catalyst is excellent in heat resistance. 

[0003]In the above-mentioned method, the cordierite which shows low-thermal-expansion 
nature is mainly used for particulate catching generally as the construction material, using the 
honeycomb structured body of ceramics in many cases. 

[0004]The cell opening of one end of the ceramic monolith of honeycomb structure, for example, 
the cell opening by the side of a gas inlet, is *****5fc(ed) for the diesel emission-gas-purificatlon 
filter with which this invention is related every piece, and the cell opening by the side of a gas 
outlet is chisel ****(ed) about the cell which the opening of an entrance side is not ******(ing). 
Therefore, exhaust gas passes the fine pores of a cell side wall, and the particulate which flows 
with exhaust gas is caught inside the surface of this cell side wall, and the fine pores of a cell 
side wall. 
[0005] 

[Problem(s) to be Solved by the Invention] For the structure of flowing into the cell which gas 
passes the stoma (several micrometers - tens of micrometers) of a cell wall, and acOoins when 
the honeycomb structure porous ceramic filter for diesel exhausts ****** the both ends of a 
monolith honeycomb by turns as mentioned above. There is an advantage whose particulate 
collection efficiency is higher than the filter of other structures. The above ****** are made and 
this invention provides the diesel emission-gas-purification filter which has the porous ceramic 
filter which had the Inside of the cell side wall surface and its fine pores coated with high 
specific surface area material particles, such as activated alumina. 

[0006]When the ceramic carrier of honeycomb structure is coated with high specific surface 
area material particles, such as activated alumina. By adding combustible material particles, such 
as carbon, to the slurry of activated alumina, coating a carrier surface with this slurry and 
calcinating it. What makes the above-mentioned combustible material burned down, forms much 



JP,09-158710,A [DETAILED DESCRIPTION] 



2/6 ^—ly 



pores on the surface of a coating layer, and raised the diffuser efficiency of the gas to a coating 
layer by this pore is publicly known (JP,57-99314A J P,6 1-245849. A). However, this aims at 
increasing the touch area to the coating layer of exhaust gas, raising reactivity with an oxidation 
catalyst about the ceramic honeycomb of a flow through type, and raising purification 
performance. That is, it is the purpose to increase the surface area of a coated layer by building 
a dent with about about 10-20-micrometer pore with carbon on the surface of the coating layer 
of activated alumina, and the exhaust gas with which this invention is related differs from the 
diesel emission-gas-purification filter which passes a cell side wall fundamentally. 
[0007] 

[Means for Solving the Problem]One end of a cell opening of a porosity ceramic honeycomb 
structured body which has an open cell the 1st mode of this invention every other piece 
4c9|c*:ie9ied|c:ie3ie3ie*^ A ccll Opening which 4e4c4eHe*)ic is not made at this end an end of an opposite hand A 

suggestion 4»Mc9fe cage. It is a honeycomb type filter which passes fine pores in a cell wall 
and with which gas circulates, It is a diesel emission-gas-purification filter which passes fine 
pores in a cell wall which has the structure to which coating material which contains high 
specific surface area material particles (only henceforth "high specific surface area material") in 
an inside of the surface of a cell side wall and fine pores of a cell side wall has adhered and with 
which gas circulates. 

[0008]The 2nd mode of this invention a porosity ceramic honeycomb structured body which has 
an open cell, It coats with coating slurry which contains inflammable destruction-by-fire material 
particles (only henceforth "an inflammable destruction-by-fire substance") with high specific 
surface area material. Under the present circumstances, a thing which mean particle diameter of 
said high specific surface area material and an inflammable destruction-by-fire substance is a 
size smaller than an average pore size of said honeycomb structured body, and is calcinated 
after that, And an opening which ****** one end of a cell opening of said honeycomb structured 
body every other piece, and is not ******(ing) at this end is a manufacturing method of a diesel 
emission-gas-purification filter which passes fine pores in a cell wall including ******(ing) an end 
of an opposite hand and with which gas circulates. 

[0009] As for a porosity ceramic honeycomb structured body used for this invention, it is 
preferred to be made firom cordierite (chemical composition type 2MgO, 2aluminum203, and 

5Si02) conventionally known as low-thermal-expansion nature ceramics. Porosity of this can be 

freely adjusted by a well-known method to a person skilled in the art. 

[0010]In order to make coating material which includes high specific surface area material in an 
inside of the surface of a cell side wall of said porosity ceramic honeycomb structured body, and 
fine pores of a cell side wall for said high specific surface area material adhere, What is 
necessary is to coat said porosity ceramic honeycomb structured body with coating material 
containing high specific surface area material and coating slurry which contains an inflammable 
destruction-by-fire substance preferably, and to remove an excessive slurry desirable after that, 
and just to calcinate. 

[0011]Usually, after making said porosity ceramic honeycomb structured body support high 
specific surface area materials, such as activated alumina. Catalyst metal which was excellent in 
the performance which burns a particulate in exhaust gas by making this high specific surface 
area material into a carrier is made to support, the above-mentioned **** is carried out, and a 
diesel emission-gas-purification filter is done. Quantity of catalyst metal in this case will be 
slight, and porosity of the above-mentioned diesel exhaust gas filter will become settled mostly 
in porosity of a stage where the above-mentioned high specific surface area material was made 
to support. 40 to 65% of porosity of a cell wall of a honeycomb structured body in a stage where 
said high specific surface area material was made to support is desirable, and is still more 
desirable. [ 45 to 60% of ] As for an average pore size of this cell wall, 5-35 micrometers is 
preferred, and its 10-30 micrometers are still more preferred. If this porosity is [ an average pore 
size ] not less than 5 micrometers at not less than 40%, pressure loss in case exhaust gas 
passes this filter will be small, and an engine output will not decline. On the other hand, at 65% or 
less, in particulate capture ability, said porosity will not become so low, if an average pore size is 
30 micrometers or less. 

[0012]Said high specific surface area material is high specific surface area, so that the mean 
particle diameter is smaller than an average pore size of said porosity ceramic honeycomb 
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structured body, and a granular material which is not an inflammability is said. As an example of 
said high specific surface area material, there is activated alumina, silica, zirconia, a titania, or a 
thing containing at least two of kinds of these. Activated alumina is preferred also among these 
in respect of high specific surface area organization potency, catalyst metal support ability, etc. 
As activated alumina, there are gamma-alumina, beta-alumina, theta-alumina, delta-alumina, eta- 
alumina, kappa-alumina, etc. In order to make this high specific surface area material adhere to 
an inside of the surface of a cell side wall of said porosity ceramic honeycomb structured body, 
and fine pores firmly, it is preferred to mix with a binder and to use. as the example of this binder 
— alumina sol and silica — there are sol, an aluminium nitrate, etc. 

[001 3]In the 2nd mode of this invention, a reason particle diameter of high specific surface area 
materials, such as activated alumina, is the above ranges is because high specific surface area 
material needs to invade into an inside of fine pores of a cell side wall of porosity ceramic 
structure before coating by said high specific surface area material. Although only the surface of 
a cell side wall coated a honeycomb type monolith carrier with high specific surface area material 
conventionally. Since a particulate contained in exhaust gas stops on the surface of a cell side 
wall of a filter, and at an inside of fine pores of a cell side wall in the case of a honeycomb type 
filter of structure where exhaust gas passes an inside of fine pores of a cell side wall. At this 
time, since it bums in response to a catalysis, a particulate needs to contact inside this high 
specific surface area material and fine pores. Therefore, the aforementioned particle diameter is 
required for high specific surface area material. 

[0014]As said inflammable destruction-by-fire substance, there are carbon, wheat flour, bread 
crumbs, corks, coal, tree waste, etc. Mean particle diameter of this inflammable destruction-by- 
fire substance Is smaller than an average pore size of a porosity ceramic honeycomb structured 
body before coating by said high specific surface area material. The reason is infiltrating into an 
inside of fine pores of a cell side wall of a filter with high specific surface area material, and after 
it is burned down, it is for a crevice made in an inside of fine pores protecting a blockade of fine 
pores by coating of high specific surface area material. It is not necessary to make particle 
diameter of an inflammable destruction-by-fire substance not necessarily the same as that of 
high specific surface area material. As for mean particle diameter of this inflammable 
destruction-by-fire substance, since an average pore size of a cell side wall of a honeycomb 
structured body after, coating and calcinating said porosity ceramic honeycomb structured body 
with high specific surface area material on the other hand shall be [ preferably ] not less than 5 
micrometers, it is preferred to be referred to as not less than 3 micrometers- Since the viscosity 
of a slurry becomes it high that this is less than 3 micrometers and it becomes difficult to coat, 
it is not desirable. 

[001 5]The purpose of using an inflammable destruction-by-fire substance, by making it distribute 
highly and making an inside of making a coating layer on the surface of a cell side wall porosity- 
ize, and fine pores of a cell side wall coat with high specific surface area materials, such as 
activated alumina. It is for controlling a pressure drop buildup of a filter by coating of high 
specific surface area material, receiving high specific surface area material, when using carbon as 
an inflammable destruction-by--fire substance — at least — more than 5wt% — if it adds, an 
effect is to reduce a pressure loss, on the other hand — carbon — 50wt% — since adhesive 
strength with a filter of a coating layer of high specific surface area material will fall if it super^ 
adds, it is not desirable. 

[0016]There are a method of coating with this invention using a solution which mixed an 
inflammable destruction-by-fire substance with high specific surface area material, and a method 
of coating with a solution which contains only an inflammable destruction-by-fire substance 
beforehand, and coating with a solution containing the following high specific surface area 
material, in order that an inflammable destruction-by-fire substance may coat with high specific 
surface area material the state where an Inside of flne pores of a cell side wall of a filter was 
blockaded selectively in the case of the latter — porosity-izing of a coating layer inside fine 
pores — and it can high-decentralize. 

[0017]When coating with a solution which contains only an infiammable destruction-by-fire 
substance beforehand, less than more than 5wt%50wt% of a rate that an inflammable 
destruction-by-fire substance occupies in this solution is preferred. In the case of beyond 
50wt%, since adhesive strength with a filter of a coating layer of high specific surface area 
material falls, it is not desirable. 
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[001 8]A diesel emission-gas-purification filter of tlriis invention catches and carries out 
combustion removing of the particulate contained in exhaust gas of a diesel power plant at least. 
A filter is coated with high specific surface area substances, such as activated alumina, in order 
to use a carrier for making platinum group catalyst metal coat. Generally, platinum group catalyst 
metal is used as a catalyst which lowers particulate combustion temperature, and is further used 
as an oxidation catalyst of carbon monoxide or hydrocarbon. A filter of this invention is a filter 
which has supported a metal catalyst which consists of at least one kind of platinum group 
metals. As said platinum group metals, at least one sort of platinum, rhodium, palladium, a 
ruthenium, and iridium can be used 

[0019]Next, a diesel emission-gas-purification filter of this invention is concretely explained with 
drawing 1 and drawing 2 . It is the elements on larger scale of the A section [ in / drawing 1 c an 
be set in a sectional view of this invention diesel emission-gas-purification filter, and / in 
drawing 2 / drawing 1 ] , In both ends of a monolith honeycomb, a porous ceramic filter of this 
honeycomb structure is **** suggestion ******** by turns at the ****** material 1 . The 
coating layer 3 of activated alumina is formed in the surface 21 of a cell wall of a honeycomb 
type filter, and the fine-pores surface 22 of a cell wall. All the cell walls are coated with 
activated alumina, and It is raising purification efficiency of exhaust gas components (HC, CO, 
etc.) of a particulate and others caught inside a cell wall by supporting platinum group catalyst 
metal into a coating portion of activated alumina. A statement of platinum group catalyst metal is 
omitted in this figure. 

[0020]A diesel exhaust containing a particulate advances into a cell from cell inlet side 4, passes 
the cell wall 2, and leaves it from cell outlet side 5. At this time, a particulate is caught by fine 
pores of the cell wall surface and an inside. After platinum group catalyst metal coats activated 
alumina, coating anew is common, but it is also possible to coat with a solution mixed with 
activated alumina and carbon. 

[0021] A filter coated using the above materials can be conveniently used as a diesel particulate 

filter of low pressure loss. Below, the example and comparative example are shown. 

[0022] 

[Example] 

(Example 1) The ceramic honeycomb structured body of a cordierite (2MgO, 2aluminum203, and 

5Si02) presentation is produced by a publicly known extrusion process. It calcinates by the 

maximum temperature of 1350 ** - 1450 the heating rate of 5 ** - 200 **, and the retention 
time of 2 to 20 hours, Porosity had the fine-pores characteristic which is 25 micrometers of 
average pore sizes 55%, and the porosity cordierite honeycomb structured body which are the 
cell wall thickness of 0.45 mm, 140 mm in diameter whose number of cells per square inch is 150 
pieces, and 130 mm in length was obtained. 

[0023]On the other hand, as a high specific surface area material, 1330 g of activated alumina 
(gamma-alumina) (made by Sumitomo Chemical) with a diameter of a centriole of 5 micrometers. 
Mix and agitate 670 g of alumina sol (product made from the Nissan chemicals) with the water 
4L, and activity alumina slurry is produced, Six kinds of samples (carbon addition rate 10wt% - 
100wt%) as for which carbon (product made from SEC) with a diameter of a centriole of 5 
micrometers changed the addition rate to this on the basis of the weight of activated alumina 
were produced. 

[0024]The aforementioned porosity cordierite honeycomb filter is thoroughly dipped in said 
activity alumina slurry containing carbon (wash coat). Then, the slurry which adhered too much in 
an air cleaner and compressed air is removed as thoroughly as possible. It dried at 120 ** for 2 
hours, and calcinated at 800 **, and carbon was made furthermore burned down thoroughly after 
that. Filter weight was measured after calcination and the amount (g/L) of coats of per 1 L was 
calculated from weight differences with the filter in front of a wash coat. 
[0025]The cell opening by the side of the gas inlet of the honeycomb structured body which 
carried out wash coat processing is ******(ed) every piece, and it **** [ chisel ] in the gas 
outlet side about the cell which is not ******(ing) by an entrance side. Especially as long as 
*****»!< material is an existing charge of a ceramic material with a heat resistance [, such as 
cordierite, alumina, and zirconia, ] of not less than 1 000 **, it may not be limited, but the 
adhesives made from ceramics may be sufficient as it. Thus, the filter with catalyst support was 
produced (the carrier A - the carrier F). 
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[0026](Example 2) Produce the porosity cordierite honeycomb filter used for Example 1 , and the 
same filter, and as a high specific surface area material, 670 g of alumina sol was mixed with the 
activated alumina 1 330g with a diameter of a centriole of 5 micrometers with the water 4L, and 
the wash coat of said filter was carried out to the agitated activity alumina slurry. Then, the 
slurry which adhered too much in an air cleaner and compressed air is removed as thoroughly as 
possible. Furthermore, after that, it dried at 120 ** for 2 hours, and calcinated at 800 Filter 
weight was measured after calcination and the amount (g/L) of coats of per 1 L was calculated 
from weight differences with the filter in front of a wash coat. 

[0027]Then, the cell opening by the side of the gas inlet of the honeycomb structured body 
which carried out wash coat processing was ******(ed) every piece, in the gas outlet side, it 
****(ed) [ chisel ] about the cell which is not ******(ing) by an entrance side, and the filter with 
catalyst support was produced (carrier G). 

[0028](Exampie 3) Produce the porosity cordierite honeycomb filter used for Example 1, and the 
same filter, and as a high specific surface area material. The activated alumina 1 330g with a 
diameter of a centriole of 5 micrometers and 670 g of alumina sol are mixed with the water 4L, 
The wash coat was carried out to the filter which produced six kinds of samples (carbon addition 
rate 10wt% - 100wt%) as for which carbon (product made from SEC) with a diameter of a 
centriole of 50 micrometers changed the addition rate to this on the basis of the weight of 
activated alumina, and was produced by the same process as Example 1. Then, the slurry which 
adhered too much in an air cleaner and compressed air was removed as thoroughly as possible. 
It dried at 1 20 ** for 2 hours, and calcinated at 800 **. and carbon was made furthermore 
burned down thoroughly after that. Filter weight was measured after calcination and the amount 
(g/L) of coats of per 1 L was calculated from weight differences with the filter in front of a wash 
coat. 

[0029]Then. the cell opening by the side of the gas inlet of the honeycomb structured body 
which carried out wash coat processing was ******(ed) every piece, in the gas outlet side, it 
****(ed) [ chisel ] about the cell which is not ******(ing) by an entrance side, and the filter with 
catalyst support was produced (the carrier H - the carrier M). 

[0030](Measurement of the pressure loss of a filter with catalyst support) Compressed air was 
passed from the entrance side of the filter, and the differential pressure of an entrance side and 
an outlet side was measured. The measurement result of the pressure loss of the filter with 
catalyst support obtained by Examples 1 -3 is shown in Table 1 and drawing 3 . From this result, 
the filter of Example 1 is understood that a pressure loss is lower than the filter of Examples 2 
and 3. 



[0031] 
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[0032](Pore distribution measurement before and behind coating) The result of the pore 
distribution measurement before and behind coating of the example 1 (carrier A) example 3 
(carrier H) is shown in drawing 4 a nd drawing 5 . respectively. In this invention article, even if it 
coats activated alumina, the average pore size of fine pores of those with not less than 5 
micrometer and the blockaded cell wall of the filter has decreased. On the other hand, in 
Example 3, the average pore size was set to less than 5 micrometers by coating, and the fine 
pores blockaded have increased. That is, if carbon is made to Invade into the inside of the fine 
pores of a filter, the inside of fine pores will not be burled with activated alumina, and a pressure 
loss will become low. 
[0033] 

[Effect of the Invention]The diesel emission-gas-purification filter which has the porous ceramic 
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filter coated with high specific surface area material by this invention in the surface of a 
honeycomb structured body side attachment wall and the inside of fine pores is provided. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of one example of this invention diesel emission-gas-purification 
filter. 

[Drawing 2]T he elements on larger scale of the A section in drawing 1 . 

[Drawing 3]T he graph showing the measurement result of the pressure loss of a filter with **** 
suggestion **** catalyst support of Examples 1-3. 

[Drawing 4]T he graph showing the result of the pore distribution measurement before and behind 
coating of Example 1 (carrier A). 

[Drawing 5]T he graph showing the result of the pore distribution measurement before and behind 
coating of Example 3 (carrier H). 
[Description of Notations] 

1 — **** material 

2 — Ceil side wall 

3 — Coating layer of activated alumina 

4 — The gas inlet side 

5 — The gas outlet side 

6 — Opening by a carbon particle 

7 — Activated alumina particles 

21 — The surface of a cell side wall 

22 — Fine pores of a cell side wall 
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